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Aims: Several addictovigilance studies have described the off-label use of morphine
sulfate (MS) for nonchronic pain in opioid use disorder (OUD) patients as an alterna-
tive to conventional opioid substitution treatments (OSTs). This study primarily
sought to compare the incidence of unintentional opioid-related overdose in the year
following the prescription initiation in off-label MS users, compared to OST-
maintained patients.

Methods:

buprenorphine, or methadone, between 1 April 2012 and 31 December 2014, were

Sequential cohorts of OUD patients who were regularly dispensed MS,

retrospectively identified using the French nationwide healthcare data system. The
incidence of overdoses, deaths, doctor shopping, and complications of a viral, bacte-
rial or thrombotic nature, was compared using the Cox regression method.

Overall, 1075, 20 834 and 9778 OUD patients without chronic-pain were
included in the MS, buprenorphine, and methadone cohorts, respectively. Overdose
incidence was 3.8 (P < .01 [95% confidence interval (Cl): 2.1-6.8]) and 2.0 (P = .02
[95%Cl: 1.1-3.6]) higher in the MS cohort vs buprenorphine and methadone, respec-
tively. Death incidence was 9.1 (P < .01 [95%CI: 3.2-25.9]) and 3.9 (P < .01 [95%CI:
1.4-10.7]) higher in the MS cohort vs buprenorphine and methadone, respectively.

Results:

The incidences of other associated risks were significantly higher in the MS group
vs OSTs, except for hepatitis C viral infection and thrombotic complications.

Conclusion:  This first French comprehensive nationwide study reveals increasing
overdose, death, bacterial infection, abuse and diversion risks when off-label MS is
initiated as alternative to OST. These results question the relevance of prescribing

MS as a safe opioid maintenance treatment, considering its health risk profile.
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1 | INTRODUCTION

Over the past decade, we have noticed a rise in pharmacovigilance sig-
nals associated with increased opioid-related overdose and death in
developed countries. These alerts, initially focused on North America,
have gradually spread to most industrialized countries, thus becoming
a global public health concern.)® These signals reveal a worrying
increase in unintentional intoxications linked to prescribed opioid anal-
gesic overuse, causing many deaths.®’” This has led the US Public
Health Agency to declare this situation a national health emergency.8
While oxycodone is likely to be the most often implicated drug in
the USA, other opioid analgesics, such as fentanyl or morphine sulfate
(MS), are involved in the worldwide spread.?>?

In France, MS is available in rapid- and slow-release oral formula-
tions indicated for severe acute or resistant chronic pain, especially
cancer pain. In several European countries like Austria, Luxembourg,
Slovenia, Bulgaria and Switzerland, a slow-release oral morphine
(SROM) formulation was approved for managing opioid use disorders
(OUD).*® In France, SROM is at times prescribed off-label, outside its
analgesic recommendations. MS may then constitute an alternative to
opioid substitution treatment (OST) for a minority of OUD patients
with insufficient efficacy or undesirable events following conventional
OST: high-dose buprenorphine (HDB) or methadone (MTD). These
patients are sometimes more relieved by MS. However, as the French
monitoring centre for drugs and drug addiction has shown, some
OUD patients may misuse the prescribed MS without the prescriber's
knowledge. This misuse corresponds more to a recreational addictive
behaviour than a substitute purpose. Between 2003 and 2006, this
recreational use increased from 3.2 to 9.0% among users of risk
reduction centres, while the proportion of patients using MS as an
alternative to OST remained stable during this period.** While
diverted MS use in OUD patients is not entirely new, this phenome-

non remained limited until 2011.%?

At that time, for some opioid-
dependent drug users, a shortage in heroin led to a reduction in its
quality/price ratio and transition to prescribed or black-market MS,
for which the quality was constant.'® Indeed, by drug users, MS is
considered as more easily injectable than MTD, procuring a greater
high effect than HDB, which some patients are unable to discontinue
despite maintenance treatment.**

Several studies have investigated SROM formulations as an OST,
yielding heterogeneous results. Two meta-analyses were unable to
identify sufficient data in the literature to assess the use of MS as
OST due to a lack of good-quality studies.’®'> No data were found
on the risks associated with SROM, especially when administered in

an unconventional manner.
Although very few data are so far available pertaining to the MS

use in OUD in France, it occurs that, in most cases, oral MS is diverted
for intravenous injection.?®” Initial data from the first French super-
vised drug-injection facility in Paris reported that 47.6% of intrave-
nous drug users were shown to inject oral formulations of MS
(Skenan).® This finding has meanwhile been confirmed by the results
of various field surveys, where 71-93% of MS users in OUD settings

reported injecting the drug.'”*” This widespread diversion of the
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What is already known about this subject

e In France, slow-release oral morphine sulfate is at times
prescribed off-label to patients with opioid use disorder
after failure or undesirable effects with conventional

treatments (methadone or buprenorphine).

e Previous field studies have shown that prescribed oral
morphine sulfate is commonly diverted by intravenous
injection at high doses, without knowledge of this

practice's associated risks.

What this study adds

e Comprehensive data confirm the field findings and clarify
the extent of off-label morphine sulfate use in an opioid-
dependent setting.

e The increased risk of overdose and death found in the
year following the initiation of morphine sulfate in
opioid use disorder patients prevents this molecule to
be considered a safe alternative to conventional

treatments.

initial administration route has become a current public health prob-
lem. According to a survey of drug users, the effect of intravenous
MS injection is likely to be shorter than that of heroin, resulting in
increased injections and the risk of complications, such as overdosing,
viral and bacterial infections, and thrombosis.?°

Most developed countries worldwide are currently facing a sharp
increase in overdosing and deaths associated with prescribed opioid
analgesics, which are gradually diverted from their original indications.
In France, these MS off-label prescriptions to OUD patients are per-
formed without knowledge of the associated risks, related to both
the direct effect of the opioid or its route of administration.

This study primarily sought to compare the incidence of uninten-
tional opioid-related overdose in an OUD cohort, during the year fol-
lowing the prescription initiation of continuous and regular off-label
MS, compared to that of HDB or MTD-maintained patients.

2 | METHODS

In the absence of formal guidelines for pharmaco-epidemiological
studies, the TREND and RECORD (extension of the existing STROBE

guidelines) statements were applied to report the study findings.2*23

2.1 | Study plan

This was a population-based retrospective cohort study of nonchronic
pain OUD patients treated with MS, HDB or MTD, between 2012 and
2015, using anonymous data collection from the exhaustive French

health insurance database.
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2.2 | Data source

Data were extracted from the French Nationwide Healthcare Data
System (SNDS). This database, widely employed for public health
and pharmacoepidemiological purposes, covers 98.8% of the French
population, namely more than 66 million people, comprising exhaus-
tive anonymous individual information on administrative, medical
and pharmacy data.?* Anonymous identifiers link reimbursement data
and hospital admissions, providing discharge diagnoses using the Inter-
national Statistical Classification of Diseases, 10" revision (ICD-10),
and the death registry.

Administrative data comprise individual information on the year of
birth, sex, date of death, long-term diseases, free supplemental health
insurance, as granted to the unemployed and people with low-income.
This latter information can consequently be used as a substitute for
low-income status. In the French healthcare system, 30 major chronic
diseases have been designated as long-term diseases (LTDs), including
diabetes mellitus, cancer, or psychiatric diseases, representing surro-
gates for comorbidity assessment. Pharmacy data comprise anony-
mous pharmacy identifiers and exhaustive claims for all reimbursed
medicines dispensed in retail pharmacies (quantities supplied, dates
of prescription, and dispensation) including opioid analgesics and con-
ventional OSTs. Medicines are identified by their anatomical therapeu-
tic chemical (ATC) codes. Medical data comprise anonymous doctor
identifiers and prescribers' specialties. In addition, data on hospital
admissions are recorded during the patient hospital stays, with coded

diagnoses available based on the ICD-10.

2.3 | Data availability statement

Study approval was obtained from the French National Institute for
Health Data (INDS, No. 176) and French Data Protection Agency
(CNIL, No. 1946535), which prohibit the data from being disclosed.
As a result, research data are not shared by the authors but can be
requested from the INDS (website: https://www.indsante.fr). The pro-
gramming code can be made available in raw form on request to the

corresponding author.

2.4 | Participants and study data

The lack of recommendations pertaining to MS as a validated OST
implies its exclusive dispensing in pharmacies. Only control patients
with OST dispensed in pharmacies, available in the database, could
be included in the study, representing over 90% of substituted
patients in France.?> The remaining patients were given their treat-
ments directly in addictology delivery centres. In accordance with
the OST prescription recommendations, the study included all patients
aged 15 years or older, male or female, who received the drug of inter-
est at least once between 1 April 2012 and 31 December 2014, with
no dispensing during the 3 months prior to inclusion, with the aim to

recruit only incident patients. Data were available up to 31 December

2015, allowing for a theoretical follow-up of at least 1 year for each
patient (see Supporting information Figure S1).

The index date was defined as the first date of a continuous 90-
day sequence, during which the treatment was regularly dispensed,
i.e. with <35 days between each pharmacy dispensation. This 35-day
threshold corresponds to the French legal obligations on narcotic
drugs, which limit the prescription and dispensation of opioid medi-
cines to a maximum of 28 days, without any possibility of renewal
without a new prescription, to which 7 days were added in order to
avoid recording a prescription discontinuation incorrectly. Patients
who met these criteria for at least 90 days were considered regular
and continuous substance users and could thus be included.

Strong opioid dispensations were identified using the ATC codes
NO2AAO01 and NO2AA51, and HDB or MTD by the ATC codes
NO7 BCO1 and NO7 BCO2, respectively. The date of each dispensation
was collected so as to determine the regularity of use. All the ICD-10
codes used to select patients according to inclusion and exclusion
criteria have been detailed in Table S1.

Patients suffering from cancer or receiving palliative care were

excluded, as well as chronic-pain condition patients identified through:

i. specific ICD-10 codes from hospital discharge reports or LTDs for
chronic pain or a rheumatic condition for which MS is recom-

mended in France?$;
ii. identification of care dispensed in pain clinics;

iii. identification of a continuous analgesic prescription other than MS
for at least 3 months, was considered as reflecting the manage-

ment of chronic pain.

OUD patients were defined:

i. as having been dispensed conventional OSTs (HDB or MTD) at

least once;

ii. on the basis of hospital discharge reports or chronic conditions for

an opioid-related disorder ICD-10 code.

Based on our criteria, regular MS users without a diagnosis of chronic
pain or opioid use disorders were subjected to further analysis. The
youngest (<37 vyears) of these users, receiving the highest doses
(=550 mg/day), had a profile of OUDs rather than chronic pain
patients, according to data from a previous French field study.'? They
were therefore included in the OUD MS cohort.

Human immunodeficiency virus (HIV), hepatitis B virus and hepati-
tis C virus (HCV) infections were identified from either hospital dis-
charge diagnoses or LTDs. The most common injection-related

27-29

infectious complications in drug addicts and thrombotic complica-

tions (arterial and venous thrombosis, upper and lower limbs)3°-32
were selected according to literature data and identified based on hos-
pital discharge diagnoses.

Data relating to unintentional opioid intoxication, major psychiatric
conditions (LTD-23), alcohol-dependence (by its specific treatments®*:

disulfiram, acamprosate, naltrexone and nalmefene), as well as data on


https://www.indsante.fr
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anxiolytic benzodiazepine (BZD, ATC code NO5BA) dispensations
were additionally collected.

For control cohorts, patients receiving BHD, MTD or MS dispensa-
tions within the 3 months preceding the index date were excluded
from the study in an effort to recruit only incident conventional OST
patients, excluding those who were in transition from using MS to reg-
ular conventional OST.

Cohort 1 comprised all OUD incident patients starting a continu-
ous sequence of MS between 1 April 2012 and 31 December 2014.
Cohorts 2 and 3 included all opioid-maintained incident patients
starting a continuous sequence of HDB or MTD, respectively,
between 1 April 2012 and 31 December 2014, without MS dispensa-
tion within the 3 months before the index date. The absence of
chronic pain will no longer be mentioned, since chronic pain patients

were systematically excluded from the study.

2.5 | Doctor shopping

Doctor shopping behaviour (DSB) is defined as the practice of
obtaining overlapping prescriptions for a drug of interest from 1 or
more physicians and multiple different pharmacies in an effort to get
an increased amount of prescribed medication.2*3> This behaviour is
usually associated with a high level of misuse, abuse and diver-
sion.3¢% The threshold of at least 1 day of overlap, at least 2 different
prescribers, and at least 3 different pharmacies was chosen, for it has
been applied in previous research, which mainly assessed DSB

pertaining to analgesic opioids.*1*2

2.6 | Outcome measures

The primary outcome was the incidence of unintentional opioid
overdosing in the MS cohort vs OST cohorts 1 year after the patient
had become a regular user (i.e. 1 year and 3 months after the index
date). Secondary outcomes were the 1-year incidence of all-cause
death, DSB and injection-related complications (HCV seroconversion,

bacterial infections and thrombosis).

2.7 | Statistical analyses

The data were expressed as frequency and associated percentage for
categorical variables and as mean + standard deviation or median and
interquartile range for quantitative variables, depending on their sta-
tistical distribution (normality studied using the Shapiro-Wilk test).

Comparisons between cohorts were carried out using the x2
test or Fisher's exact test for categorical data, as appropriate; for
continuous variables, analyses of variances were performed, with the
Kruskal-Wallis test employed when normality was rejected.

Survival analyses were performed to assess the delay between
the occurrence of complications associated with MS misuse and the
prescription initiation. Death, cessation of continuous and regular
dispensations, or appearance of MS and OST concurrent prescriptions

constituted censorship criteria. The appearance of 1 of these
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censorship criteria resulted in the study being stopped for the patient
concerned. Otherwise, survival analyses were pursued until the end of
the year following regular MS or OST use. Survival curves were plot-
ted using the Kaplan-Meier method. The same method was applied
to analyse time-to-death, doctor shopping, HCV seroconversion, and
infectious or thrombotic complications.

Crude incidences with 95% confidence intervals (95%Cl) were cal-
culated per 100 000 persons per year, for each of the study's objectives.

Multivariate analyses were performed using the Cox model to ana-
lyse MS and OST exposure in relation with opioid intoxication, death,
DSB, HCV, and infectious or thrombotic complications after adjusting
for age, sex, socioeconomic status, chronic alcohol consumption, con-
current BZD use (defined as receiving at least 1 BZD delivery during
the period in which the prescribed opioid was regularly delivered), as
well as major chronic somatic or psychiatric comorbid disease. These
Cox's proportional risk regression results are expressed as hazard
ratios with their 95% confidence interval.

The results' reliability was reinforced by 2 falsification analyses,
performed on 2 criteria independent of the study objectives, the
comorbidities expected in these populations and the treatments
involved. The control events selected were the incidence of asthma
and primary hypertension. In the absence of any difference, these fal-
sification analyses make it possible to affirm that the significant differ-
ences obtained for the study objectives do not result from a selection
bias not controlled by adjustment methods between cohorts.

All statistical analyses were performed using SAS-9.3 (SAS Insti-
tute, USA) and STATA-14.1 (StataCorp, USA).

3 | RESULTS

Between April 2012 and December 2014, 1075 OUD patients were
included in the MS cohort, with 20 834 HDB-maintained patients and
9778 MTD-maintained patients in the second and third cohorts,
respectively (see flowchart in Figure 1). The median length of time each
cohort received continuous and regular treatment according to our
criteria was comparable between MS (234 days) and buprenorphine
(259 days), yet higher for MTD patients (451.5 days; Table 1).

3.1 | Patient characteristics

The sociodemographic and health characteristics of the patients
included in the 3 cohorts are shown in Table 1. No significant differ-
ence was observed for age (P = .5) and sex (P = .07) between MS
and HDB patients. Compared to HDB and MTD patients, MS patients
were more frequently low-incomers (P < .01) and had more comorbid-
ities (P < .01) consisting of mental health disorders, alcohol depen-
dence, HIV, HCV, and hepatitis B virus complications, yet lower

concurrent BZD prescriptions (P < .01).
3.2 | Hospital admissions for unintentional opioid
overdose (Figure 2)

The overall crude opioid overdose incidence was 4.3 (95%Cl: 2.5-7.2),
0.9 (95%Cl: 0.7-1.1) and 1.4 (95%Cl: 1.1-1.9) per 100 000 patient-
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21 morphine sulfate dispensation between 2012 and 2014
n =741 208

No morphine sulfate history
<3 months before the index date
n =614 006

21 delivery of opioid substitution therapy (OST) between 2012
and 2014
n=211955

HDB or MTD exclusive dispensation
n=195033

Morphine sulfate dispensation history
<3 months before the index date
n=127202

Buprenorphine (HDB) and methadone
(MTD) concurrent
n=16922

Discontinuous morphine sulfate
dispensation
n=575128

Continuous morphine sulfate dispensation
n=38878

>1 HDB dispensation
between 2012 and 2014
n=138878

>1 MTD dispensation
between 2012 and 2014
n=36155

Pationts suffering from cancer
./ orbencfiting from palliative HDB dispensation history MTD dispensation history
care <3 months before the index date <3 months before the index date
n=13483 n=92885 n=39941
No cancer diagnosis or palliative care No HDB history No MTD histors
z 2 <3 months before the index date <3 months before the index date
n=45993 n=16214
Patients suffering from chronic HDB MTD i
D ain n=20480 n=4587
n=19527
HDB continuous dispensation MTD continuous dispensation
n=25513 n=11627
No chronic pain
n=53859
Patients suffering cancer or Patients suffering cancer or

bencfiting from palliative care
n=1875

> benefiting from palliative care
n=148

./ Patients suffering from chronic pain
n=943

No opioid dependence diagnosis

n
No cancer diagnosis or palliative care
n=2363%
Daily dosage <550 mg

andfor age >37 y
n=4774

J 0

No cancer diagnosis or palliative care
n=10879
n=2613

o/ Patientsaged <ISy
n=11 No chronic pain No chronic pain
1025 n=9936

Patients suffering from chronic pain

n=2

Morphine sulfate dispensation history Morphine sulfate dispensation history <
|Opioid depondenceldiagnosis Daily dosage 2550 mg <3 months before the index date < 3 months before the index date
=926 and age <37y n=188 n=1s5
n=149
‘ Patients <15 years old « Patients aged <15 y
l n=3 g n=3

Cohort 1

- Cohort 2
Continuous morphine sulfate, no OST current|

Continuous buprenorphine, no morphine
sulfate prior or current use, non-chronic pain
n=20834

Cohort 3
Continuous methadone, no morphine sulfute
prior or current use, non-chronic pain
n=9778

use, non-chronic pain, opioid-dependent
n=1075

FIGURE 1 Flowchart of morphine sulfate, buprenorphine and methadone cohorts

TABLE 1 Characteristics of patients included in the morphine sulfate and control cohorts

Cohort 1 Continuous
morphine sulfate, no

Cohort 2 Continuous
buprenorphine, no
morphine sulfate

Cohort 3 Continuous
methadone, no
morphine sulfate

OST current use, prior or prior or current P-
opioid-dependent current use use value
n = 1075 n =20 834 n=9778
Age (y),
Mean + SD 347 £8.7 345+9.1 335+82 <.0001
Sex, % (n)
Male 76.6 (823) 79.0 (16 453) 71.8 (7018) <.0001
Low-income status, % (n) 44.3 (476) 26.7 (5556) 24.2 (2361) <.0001
History of HIV, % (n) 2.0 (21) 0.5 (100) 0.6 (58) <.0001
History of HBV, % (n) 0.8 (9) 0.2 (49) 0.3 (25) <.0001
History of HCV, % (n) 13.4 (144) 3.5 (724) 4.9 (479) <.0001
Mental health disorders, % (n) 19.7 (212) 9.0 (1873) 9.6 (938) <.0001
Alcohol dependence, % (n) 18.1 (194) 9.4 (1958) 7.0 (687) <.0001
Concurrent benzodiazepines prescription, % (n) 22.1(238) 28.6 (5961) 27.6 (2698) <.0001
Median daily dose, mg [IQR] 553.0 [250.1-881.0] 9.5 [5.4-16.6] 46.7 [30.2-68.2]
Median length of treatment, days [IQR] 234.0 [142.0-436.0] 259.0 [148.0-503.0] 451.5 [233.0-787.0] <.0001

HIV: human immunodeficiency virus; HBV: hepatitis B virus; HCV: hepatitis C virus; IQR: interquartile range; OST: opioid substitution therapy; SD: standard
deviation.
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FIGURE 2 Kaplan-Meier survival curves for the primary (A, overdose related hospitalization) and statistically significant secondary outcomes (B,
all-cause mortality; C, doctor shopping behaviour; D, bacterial infection related hospitalization)

TABLE 2 Overall crude incidences per 100 000 patients-years, by cohort

Cohort 1 Continuous morphine
sulfate, no OST current use, opioid-

Cohort 2 Continuous buprenorphine,
no morphine sulfate prior or current

dependent

use

Cohort 3 Continuous methadone,
no morphine sulfate prior or
current use

Incidence 95% ClI Incidence 95% ClI Incidence 95% ClI P-value
Unintentional opioid overdose 4.3 [2.5-7.2] 0.9 [0.7-1.1] 14 [1.1-1.9] <.0001
All-cause mortality 1.5 [0.6-3.6] 0.2 [0.1-0.3] 0.4 [0.2-0.7] <.0001
Doctor shopping behaviour 106.0 [94.2-119.4] 311 [29.8-32.4] 1.2 [0.9-1.6] <.0001
Hepatitis C virus diagnosis 55 [3.5-8.7] 25 [2.1-2.9] 3.1 [2.6-3.7] .0015
Bacterial infection 7.0 [4.7-10.6] 22 [1.8-2.5] 1.6 [1.2-2.0] <.0001
Thrombotic complication 13.3 [9.8-17.9] 8.1 [7.4-8.8] 8.4 [7.5-9.4] .0068

OST: opioid substitution therapy; 95% Cl: 95% confidence interval.

years (/100 000 p-y) in the MS, HDB and MTD cohorts, respectively
(Table 2). When adjusted, the 1-year overdose risk in the cohort
starting continuous MS was 3.8 higher compared to HDB (P < .01
[95%Cl: 2.1-6.8]) and 2.0 vs MTD (P = .02 [95%Cl: 1.1-3.6]).

3.3 | All-cause mortality (Figure 2)

The overall crude all-cause mortality incidence was 1.5 (95%Cl: 0.6-
3.6), 0.2 (95%Cl: 0.1-0.3), and 0.4 (95%Cl: 0.2-0.7)/100 000 p-y in
the MS, HDB and MTD cohorts, respectively (Table 2). When

adjusted, the 1-year all-cause mortality risk in the cohort starting

continuous MS was 9.1 greater compared to HDB (P < .01 [95%Cl:
3.2-25.9]) and 3.9 vs MTD (P < .01 [95%Cl: 1.4-10.7]).

3.4 | DSB (Figure 2)

The overall crude DSB incidence was 106.0 (95%Cl: 94.2 119.4), 31.1
(95%Cl: 29.8-32.4) and 1.2 (95%Cl: 0.9-1.6) /100 000 p-y in MS,
HDB and MTD cohorts, respectively (Table 2). When adjusted, the
1-year DSB in the cohort starting continuous MS was 2.9 more fre-
quent compared to HDB (P < .01 [95%Cl: 2.6-3.3]) and 66.8 vs
MTD (P < .01 [95%Cl: 48.5-91.9]).
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3.5 | Complications arising from intravenous
injection

The overall crude HCV seroconversion incidence (Supporting informa-
tion Figure S2) was 5.5 (95%Cl: 3.5 8.7), 2.5 (95%Cl: 2.1-2.9) and 3.1
(95%Cl: 2.6-3.7) /100 000 p-y in MS, HDB and MTD cohorts, respec-
tively (Table 2). When adjusted, the 1-year HCV seroconversion risk in
the cohort starting continuous MS was 1.6 greater compared to HDB
(P =.06 [95%Cl: 1.0-2.6]) and 1.1 vs MTD (P = .7 [95%Cl: 0.7-1.8]).

The overall crude incidences of hospitalizations for bacterial infec-
tion (Figure 2) were 7.0 (95%Cl: 4.7 10.6), 2.2 (95%Cl: 1.8-2.5) and
1.6 (95%Cl: 1.2-2.0) /100 000 p-y in MS, HDB, and MTD cohorts,
respectively (Table 2). When adjusted, 1-year risk of hospitalizations
for bacterial infection in cohort starting continuous MS was 2.8-times
greater compared to HDB (P < .01 [95%Cl: 1.8-4.4]) and 3.6 vs MTD
(P < .01 [95%CI: 2.2-5.9]).

The overall crude incidences of thrombotic-related hospitalizations
(Supporting information Figure S2) were 13.3 (95%Cl: 9.8 17.9), 8.1
(95%Cl: 7.4-8.8), and 8.4 (95%Cl: 7.5-9.4) /100 000 p-y in the MS,
HDB, and MTD cohorts, respectively (Table 2). When adjusted, the
1-year risk of thrombotic-related hospitalizations in the cohort starting
continuous MS was 1.4-times greater compared to HDB (P = .06
[95%Cl: 1.0-1.9]) and 1.3 vs MTD (P = .14 [95%Cl: 0.9-1.8]).

3.6 | Falsification analysis

When adjusted, the 1-year asthma risk in the cohort starting continu-
ous MS was 1.0 compared to HDB (P = .97 [95%Cl: 0.3-3.3]) and 1.1
vs MTD (P = .83 [95%Cl: 0.3-3.8]). The 1-year primary hypertension
risk in the cohort starting continuous MS was 1.6 greater compared
to HDB (P = .32 [95%Cl: 0.6-3.8]) and 1.3 vs MTD (P = .56 [95%Cl:
0.5-3.3]).

4 | DISCUSSION

This is the first comprehensive population-based study to be con-
ducted nationwide in France, which focuses on the opioid-overdose
incidence in OUD patients, in the year following regular off-label MS
use. Our results reveal an increased risk of overdosing that requires
hospital care in this population compared to control patients who ini-
tiate conventional OST. This increased risk questions off-label MS
safety, because it does not allow for a dose reduction similar to that
described in the literature for patients who initiate conventional
OSTs.*344 This higher risk can be partly explained by the high preva-
lence of intravenous MS use, as well as common association with alco-
hol abuse disorders and concomitant BZD prescriptions, with well-
established risks reported in the literature.*>*¢ Our results regarding
BZD prescriptions are consistent with European data,*” but we found
a lower BZD prescription prevalence in the MS cohort compared to
controls. This contrasts with the increased prevalence detected in
the MS cohort of mental health and alcohol use disorders, for which

BZDs are commonly employed. The psychotropic effect of MS has

been demonstrated though an improvement in mood and anxiety,
sleep quality and general well-being scores revealed in studies evaluat-
ing MS as an OST alternative.*®5% By contrast, the guidelines for OUD
management recommend a multidisciplinary approach, integrating
psychiatric comorbidities. Because the management of the latter com-
monly involves the prescription of BZD, this may contribute to the
increased prevalence of BZD use observed in the control cohorts.>*>°

This study uncovered a significantly higher incidence of all-cause
mortality in MS patients compared to controls. The low mortality rate
observed in the control cohorts should encourage offering OUD
patients 1 of the 2 validated OSTs rather than MS as first-line treat-
ment, in order to reduce their risk of death. However, this low occur-
rence of overdosing and death during our study period should not
encourage us to hastily conclude that France is not yet, or will never
been, affected by this problem. The latest European Monitoring Cen-
tre for Drugs and Drug Addiction (EMCDDA) report clearly indicates
an increase in prescribed opioids being involved in overdose-deaths,
currently affecting northern European countries, in a young male pop-
ulation similar to that of our study.’® In the EMCDDA report, the aver-
age age of the deceased patients was 39 years, therefore higher than
that of our included patients, which may mean that the risk of death
from a morphine overdose may appear later in the follow-up, not in
the year following initiation, unlike conventional OSTs where the risk

is increased at the beginning of treatment,®”

especially for MTD.

Our results have revealed an increased DSB risk in the MS cohort
compared to the controls, particularly affecting MTD-maintained
patients. This is to be accounted for, in France, by the very low DSB
scores for MTD compared to buprenorphine, because of a more flex-
ible prescription framework, rendering it more accessible despite its
easier diversion in form of snorting or injections.>® DSB reflects the
user's need to obtain ever-increasing doses of drugs in order to main-
tain their psychoactive effects and additional efficacy, in spite of the
habituation that develops during regular substance exposure. It has
been shown that a high DSB score correlates with an increased risk
of death and overdose.®”#%585? The high scores found in France
could hint towards an increase in misuse of prescribed opioids, similar
to that observed in the USA in the late 1990's, prior to the emergence
of the current peak of overdoses and deaths.®%¢°

The risk of bacterial infection was shown to be increased in the MS
cohort compared to the controls. This result is in line with the persis-
tent use of the intravenous route, as suspected in previous French
field studies, for both recreational and substitutive MS.'?>17 The
first-line prescription of a conventional OST is likely to reduce the

61-64

practice of intravenous injections, without always allowing its

total abandonment. This can be explained by the susceptibility to
addictive behaviour, which is less accessible to drug therapy.®>”°
Our study demonstrated no significant between-group difference in
hepatitis C virus or thrombotic events reported in the 3 groups. This
nonsignificant difference is to be balanced by the observation that
our study analyses are based on the diagnostic codes assigned at the
end of hospitalization. For these 2 risks, complications that were seri-
ous enough to lead to hospitalization as recorded in the database

might have occurred later in the course of the disease and not
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necessarily in the year following the beginning of management. In any
case, associated infectious comorbidities must be detected and
promptly treated throughout the follow-up.

These results are instrumental in defining lines for both improving
practices and reducing risks. To reduce overdoses and deaths,
assessing these risks according to each user's practices appears essen-
tial, as well as improving the information provided to the patients and
their families as for the clinical signs to be searched for and rescue
action to be taken. These measures require the widespread prescrip-
tion of naloxone rescue kits, as well as the training of users and per-
sons likely to be exposed to overdoses to reduce life-threatening
risks pending assistance.” 7% In addition, referring these complex
patients to specialized addictology centres rather than primary care
facilities would provide them with the opportunity to benefit from a
supervised and fractioned treatment dispensation, along with regular
global and multidisciplinary follow-up, comprising medical, psycholog-
ical, educational therapy workshops, and social support, on account of
their significant precariousness.”?74

The systematic use of a prescription monitoring programme, such
as those used in the USA, would enable us to follow the treatment
pathway in an effort to reduce medical nomadism and overlapping
prescriptions.”>”® The protocolization of care with the appointment
of a referring prescribing physician, in agreement with the social
security medical officer, would in addition reinforce the fight against
medical nomadism.

As for preventing intravenous injections, the use of abuse-
deterrent formulations, thus limiting misuse, would help control the
administration route of the prescribed drug.”’8! However, intrave-
nous injections can represent a behavioural addiction that is difficult
to overcome for some patients. Therefore, stopping it abruptly cannot
be imposed due to the risk of seeing them return to heroin.8283 To
maintain these patients in care, it should be possible to offer them a
transitional stage, namely the prescription of a galenic formulation
adapted to the intravenous route, which they could administer under
medical supervision in a lower-risk consumption room, with dispensa-
tion of free sterile injection kits.

For the interpretation of these results, the limitations and strengths
of the study design must be considered. Concerning the general meth-
odology, a conventional observational study with field recruitment
would have been able to only include a small proportion of relevant
patients, particularly in a small and marginalized population, such as that
of our study. Given this case scenario, the risk would then be to create
unrepresentative cohorts, leading to erroneous results. The SNDS ren-
ders it possible to achieve greater exhaustiveness compared to field
studies, although with certain limitations. One of the main study limita-
tions is the inherent nature of the data collected corresponding to reim-
bursement figures. With such a design, it is possible to only include
patients benefiting from pharmacies dispensing without recruiting
those who illegally buy the drugs on the black market from drug dealers,
potentially being the most marginalized. Additionally, the SNDS
includes inpatient data. Thus, information on overdosing managed by
emergency medical assistance services without hospitalization (i.e. a

stay of <24 hours in hospital) was not considered. Regarding mortality,
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as the database does not contain the cause of death, it was therefore
impossible to precisely know whether death was directly related to
the substance or its use. Nevertheless, these limitations are only associ-
ated with an underestimation of the cohorts' sizes and risks, to which
MS users are likely to be exposed.

The strengths of the study stem from its ability to recruit large
numbers of people so as to achieve near comprehensiveness nation-
wide. These large cohorts increase the reliability of the results
obtained, as compared to previously published French field studies.
These previous studies do attest to the good validity of our algorithm,
enabling us to recruit comparable patients in terms of age, sex-ratio
and daily dosage, despite the restrictive selection criteria and unavail-
ability of data from the database for maximally 10% of patients who
directly benefit from their OST dispensation in an addictology cen-
tre.2217 |n OST cohorts, age, sex-ratio and daily dosage were consis-
tent with a recent French pharmaco-epidemiological study®* and
quite comparable among the 3 OUD cohorts. The falsification analyses
conducted reinforce the reliability of the results obtained, showing
that the differences observed between cohorts are not the result of
selection bias. The cumulative high doses found in the MS cohort
were comparable to those retrieved in previous clinical studies evalu-
ating MS as maintenance therapy vs MTD.50:5285-87

5 | CONCLUSION

The results of this first national pharmaco-epidemiological study dem-
onstrate an increased risk of overdose, death, DSB, and bacterial
infections within the year following the off-label MS initiation in
OUD patients.

The increased risks revealed here, as well as the global context of
overdosing and deaths linked to prescribed opioids, must attract pre-
scriber vigilance and remind us that MS off-label use should be a
third-line treatment, administered only after failure of or major intoler-
ance to buprenorphine and MTD. To limit complications and misuse,
prescribing should be performed within a protocolized, multidisciplin-
ary and supervised management setting in specialized addictology
centres rather than in primary care services. Finally, these results raise
the question as to whether we should propose an adapted injectable
substitution, which is safer than a diverted oral galenic formulation,
to be self-administered by the user under medical supervision, in

lower-risk consumption rooms.
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